Aeronautics and Space Administration ,,,t u'_ ul 0
Introduction
models that describe the interaction of these factors.
The human factor has long been a subject of study. Traditionally, there have been two approaches to quantifying the effect of the human factors: (1) qualitatively describing its effects on a certain outcome and, (2) The objective of this paper is to describe our initial formal approach for quantifying the human factor in structural reliability.
Fundamental
Considerations and
MFIE Model
We start with the premise that if we are to quantify the range 
.= (1)
Where P is the performance of the analyst being evaluated that probabilistic assessment. Po corresponds to the analyst's best performance (taken as 100 percent), A i represents the ith factor that influences the analyst's behavior, and mi is an exponent. The form of factor A is taken to be (2) Here B represents a specific cause for behavior (for example, professional status), and Bo is the corresponding reference (final) value. This concept is represented in figure 1. Values for B o and m i for specific behavior are selected either from known behavior or more likely from a best judgment in conjunction with consultations with seasoned professionals and first level supervisors.
By representing the HBS with the MFIE of product form (eq.
(1)), we gain another distinct advantage. 
Probabilistic Simulation
An MFIE can be adapted to simulate the uncertainties of human performance because the uncertainties in factor A have their own range of uncertainties.
As was already mentioned, the product terms in an MFIE can be expanded to include as many effects as are judged appropriate at the time of the simulation.
The procedure used to perform the probabilistic simulation is similar to that in reference 7, which consists of the following 
Results and Discussion
Cumulative distribution functions (CDF's) were generated for the various exponent ranges (0 to 1, 0 to 3, 0 to 5, 0 to 10).
Since the CDF represents the probability of a response (performance in this report) being less than a given value for each exponent range, these results show the range of uncertainty for human performance in each exponent range. For example, figure 3 illustrates that human performance is most likely 30 to Results are shown in figure 7 for a probability of 0.1 or 10 percent for all four exponent ranges. It is interesting to note that the exponent range from 0 to 1 is the most dominant contributor.
Two additional points can be inferred from these results: (1) there is little interaction between the exponent in the 0 to 1 range with the exponents in the other three ranges, while there appears to be some interaction among the other three, and (2) the exponent range 0 to 1 appears to be a reasonable representation 
General Comments
It is prudent to keep in mind the following qualifiers about an investigation like this one.
(1) It is a first attempt to provide a formal means for obtaining some quantifiable measure of the uncertainty of the human factor in probabilistic structural reliability analysis.
(2) Its relevance to a real situation can be judged only from on-the-job observations. For example, some reference value for a particular analyst may be estimated over a time period.
Fluctuations about this reference may then be used to select exponent ranges from table V. If, for example, this particular analyst has obtained results judged to be reasonable for, 100 different problems, then his performance can be set at 0.9 or 90 percent. The exponent and reference value B o (eq. (2)) in the various factors can be adjusted so that combinations will give 0.9 performance at a probability of 0.95. The interpretation is that this analyst is expected to perform with 90-percent accuracy in 95 percent of the analyses he conducts. This probability is then used to judge the accuracy of his results.
(3) Multitier factors can be added as more observations become available when more analyses are performed.
(4) Each analyst will have a unique MFIE much in the same way as specific materials have unique analyses and tests.
(5) The quantification described herein can also be viewed as being parallel to subjective judgments that are used to evaluate individual performance such as outstanding, above average, average, below average, poor, and unsatisfactory.
Instead of these qualifiers, performance uncertainties will be assigned with probability levels. The results of a hypothetical case, illustrated in table V, might lead the observer to devise alternatives.
(6)
Special experiments comparable to those that are used for intelligence are not desirable. However, we envision that multitier MFIE' s can be structured to include generic factors as an evolutionary process resulting from adapting this approach to different analysts and under different circumstances. (7) We illustrated the MFIE approach by using subjective human behavior factors, and we assumed that the analyst was functioning at an advanced knowledge level. Behavior can just as easily be evaluated in terms of factors such as (1) level of education, (bachelor, master, doctor), (2) extent of knowledge of fundamental principles of mechanics, (3) knowledge of computational methods, (4) familiarity with computer programming, (5) experience in using a specific code, and (6) experience gainedon similar or closely related problems. Each of these factors can be substructured into lower tiers with technical or subjective factors influencing them.
Concluding Remarks
The results of this initial investigation of the use of probabilistic simulation to quantify the human factor in structural reliability are as follows:
A multifactor interaction equation (MFIE) of product
form may be used to relate human performance to some easily identifiable factor that can influence it.
An initial assessment may include factors such as
professional status, home life, job satisfaction, health conditions, marital satisfaction, and work load.
3. The range of uncertainty in the human factor can be evaluated probabilistically by assuming uncertainties in the values for each factor and its corresponding exponent in an MFIE.
4. Exponent intervals can be selected to yield reasonable values for the human factor.
A hypothetical
table (similar to table 5) can be devised to convert qualitative performance evaluation to quantifiable ranges of uncertainty for specific probability.
6. An MFIE can be adapted to individual performance by observing an individual over a period of time and entering more specific data into the equation. 
